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Abstract: Phylogeny of the cyprinid subgenus Cyprinus | Mesocyprinus ) is elucidated based on both external and 
osteological features. All five species of Cyprinus ( Mesoexprinus ) are including in the ingroup in addition to two Cyprinus 
( Cyprinus ) species. Procypris merus was treated as outgroup in comparison. A total of 48 characters were identified as 
variable among ingroup and outgroup. Phylogenetic analysia was accomplished usmg Parsimony and Bootstrap methods with 
Branch-and-Bound search of PAUP * . There are 28 characters remaining useful after excluding unpolarized characters and 
autapomerphies of terminal taxa. Analysis of the characters resulted in one tree with a length of 69 steps. Consistency In- 
dex (CI) of 0.7246. CI excluding umnformative characters of 0.6122, and Retention Index (RI) of 0.6346. It is appar- 
ent that the Mesocyprinus group consisting of five species is a polyphyletic group, This result suggests that aubgenus Cypri- 
nus ( Mesoeyprinus ) should be suspended. 
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Five species occurring mainly in lakes of Yunnan 
and in Pearl River, China, have been ascribed to the 
subgenus Mesocyprinus of Cyprinus. These median- 
sized carps can be identified by three characters: a 
long parapophysis present on the first vertebra, air 
bladder with a smaller anterior chamber, and usually 
one groove present on top of every pharyngeal tooth in 


main row. All of these species were once the major 
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commercial fishes in the waters where they occurred. 
Now, they are endangered because of over-catching, 
threat from introduced fishes and habitat destruction. 
Mesocyprinus was erected by Fang (1936) as a 
genus with Cyprinus ( Mesocyprinus ) micristius Regan 
as the type species. Three major distinctions were: 
Mesocyprinus has only 10 - 11 branched dorsal fin 
rays, one groove on pharyngeal teeth and the hole at 
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the bases of pharyngeal teeth in the outer row not 
prominent (vs, 14-21 branched dorsal fin rays, more 
than two grooves on pharyngeal teeth and one hole pre- 
sent at the base of every pharyngeal tooth in the outer 
row in Cyprinus }. 

Since the establishment of Mesocyprinus by Fang, 
two different opinions were proposed. Chen & Hwang 
(1977) considered Mescexprinus as a subgenus of 
Cyprinus. The following arguments were presented; in 
some species such as Cyprinus yilongensis Yang et al. 
and Cyprinus longzhouensis Yang et Hwang, the num- 
bers of branched dorsal fin rays fell just between the 
subgenus Cyprinus ( Mesocyprinus } and Cyprinus 
(Cyprinus }; in some species of subgenus Cyprinus 
( Cyprinus }, the hole at the tooth bases were not 
prominent. Meanwhile, they pointed out that anterior 
chamber of swimming bladder was always smaller than 
posterior chamber in species with one tooth groove, 
while the anterior chamber was larger in those species 
with more than two tooth grooves. This opinion was fol- 
lowed and emphasized by Zhou & Chu (1986) with an 
additional new character that the parapophysis of the 
first vertebra was longer in Mesocyprinus than in Cypri- 
nus and supported the subgenus status of Mesocypri- 
nus, 

Wang (1979) proposed that the assignment of 
Mesocyprinus as a subgenus is inappropriate because no 
distinctions could be found between Mesocyprinus and 
Cyprinus . He demonstrated that the proportion of ante- 
rior and posterior chambers of swimming biadder was 
variable even within species. Similar variations in 
numbers of tooth grooves were also observed within 
species of Mesocyprinus . 

The first extensive review on Mesocyprinus based 
on skeleton morphology was made by Chen & Hwang 
(1977). and a total of five species was grouped in this 
subgenus: Cyprinus ( Mesocyprinus ) micristius Regan 
(1906) from Lake Dianchi, Yunnan; Cyprinus ( Meso- 
cyprinus} multitaeniata Pellegrin et Chevey (1936) 
from Pearl River; Cyprinus ( Mesocyprinus ) micristius 
fuxianensis Yang et al. (1977) from Lake Fuxian and 
Lake Xingyun, Yunnan; Cyprinus ( Mesocyprinus) yi- 
longensis Yang et al, (1977) from Lake Yilong, Yun- 
nan; and Cyprinus ( Mesocyprinus ) longzhouensis 


Yang et Hwang (1977) from Longzhou, Guangxi. A 
further revision is made by Zhou & Chu (1986) based 
both on morphological and osteological characters . 

Cyprinus (M.) micristius and C .( M . ) micristius 
fuxianensis are considered as two subspecies by most 
ichthyologisis (Chen & Hwang, 1977; Zhou & Chu. 
1986; Yang & Chen, 1994), Wang (1979) treated 
them as two distinct species. 

Based on our extensive observation on osteclogy 
and external morphology, the present paper focuses on 
reconstructing the phylogeny of Mesocyprinus fishes in 
order to demonstrate if these species form into a mono- 
phyletic group. Some taxonomic comments are subse- 
quently made based on the resulted phylogenetic hy- 
pothesis. 


1 Materials and Methods 


1.1 Data collection 

Characters for phylogenetic analysis were derived 
from external features and skeleton system. Observa- 
lion, dissections and drawings were made using a Wild 
M3 dissecting microscope and camera lucida. Osteolog- 
ical characters were determined from cleared-and- 
stained specimens, cleared specimens and dissections 
of preserved specimens. All cleared-and-stained speci- 
mens are prepared using the methods proposed by 
Dingerkus & Uhler (1977) and modified by Taylor & 
Dyke (1985). There were totally seven species of in- 
group (Fig.1) and one species of outgroup. Five 
species of Cyprinus ( Mesocyprinus ) are including in 
the ingroup in addition to two Cyprinus ( Cyprinus ) 
species. Genus Procypris was treated as the outgroup 
in comparison because Procypris was considered to be 
most closely related to Cyprinus (Zhou, 1989a, b}. 
All the specimens examined belong to the collections of 
Kunming Institute of Zoology, the Chinese Academy of 
Sciences {KIZ}, except C.(M.)} longzhouensis based 
on radiographs of one type specimen in Institute of Hy- 
drobiology, the Chinese Academy of Sciences ([H- 
CAS) and original description in Chen & Hwang 
(1977). Names and abbreviations of bone used in this 
paper follow Koh (1931), Ping (1960), Meng et al. 
(1987) and Yang & Chen (1995). 
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Fig.1 Distribution of Cyprinus fishes 


1.2 Phylogenetic analysis 

The data matrix was analyzed using Phylogenetic 
Analysis Using Parsimony (PAUP* ) vers. 4 (Swof- 
ford, 2001). Multi-state characters were polarized us- 
ing outgroups comparison method (Maddison et al., 
1984). Phylogenetic analysis was accomplished using 
Parsimony and Bootstrap (number of bootstrap repli- 
1 000) methods with Branch-and-Bound 
search of PAUP” . Multi-state taxa were interpreted as 


cates = 


polymorphism. Trees were unrooted. Cladograms were 
redrew using Treeview 1.6.1. Specimens examined are 
listed in order of species, catalog number of each spec- 
imen, total number of specimens observed, and stan- 
dard length range of specimens in millimeter. Number 
of cleared and stained specimens (CS), cleared/skele- 
ton specimen (C), dissected specimen (D) and radio- 
graph (R) are given in parentheses. When there is two 
labels present on some specimens, one is listed as cat- 
alog number, the other is followed in parentheses . 
1.3 Material examined 

Procypris merus, KIZ 805255, 8811941, 
8811942, 85101342, 85.6, 5, 109 - 150 mm SL 


(1CS, 1D), upper Pearl River, Guangxi and 
Guizhou; C.(M.) micristius, KIZ 00382, 634121, 
00125, 00181, 00222 (00075), 00088 (00368), 
00136 (00181), 7, 106 - 157 mm SL (1CS, 1C, 
3D), Dianchi Lake, Yunnan; C.(M.) yilongensis , 
KIZ 636172, 636161, 636165, 636076, 4, 87 - 103 
mm SL (1C, 1D), Yilong Lake, Yunnan; C.(M.) 
fusianensis, KIZ 784070, 8312372, 784047, 
784060, 784065, 784067, 784069, 784072, 
784073, 784074, 10, 116 - 330 mm SL (1CS, 1C, 
2D), Fuxian Lake and Xingyun Lake, Yunnan; C. 
( M. ) multitaenata, 86103185, 20001001, 
20001002, 3, 96 mm SL (ICS, 1D), Xijiang, 
Guangxi; C.(M.) longzhouensis, [HCAS 587966, 
holotype, 1, 178.7 mm SL (1R); C.( C.) carpio 
rubrofuscus, KIZ 00030 (00059), 60243, 60248 
(00072), 00061, 6507053, 651075, 6, 109 - 205 
mm SL (1iCS, 2C, 1D) from Yuanjiang (upper Red 
River), Yunnan; C.( C.) megalophthalmus, KIZ 
785036, 785044, 785062, 785065, 785087, 
785088, 785103, 742135, 8, 73-311 mm SL (1CS, 
1C, 1D), Erhai Lake, Yunnan. 
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2 Results 


2.1 Character description 
1. Snout length In P. merus, C,( M.) micristius, C. 
(M .)fuxianensi, and C.(M.) yilongensis, snout length is al- 
most equal to or smaller than eye diameter ( # 1- 0). In C. 
(M. ) multitaeniasa , C. (M. ) longzhouensis, C. (C. ) carpio 
rubrofuscus and some specimens of C. (C. ) megalophthaimus , 
anout length 1s larger than eye diameter ( # 1-1). 

2. Level of lower jaw In C.C. )megatophthalmus , the up- 
per edge of lower jaw almost at the same level as the middle of 
eye ( #2- 1). In P.merus, all Cyprinus | Mesocyprinus } 
species and C.( C.) carpio rubrofuseus, the upper edge usually 
lower than the lower edge of eye, or reach the edge at the most 
(#2-0, Zhou, 1989¢). 

3. Ethmoid ln P.merus, the anterior edge of ethmoid pro- 
trudes beyond the vomer ( #3-0). In all species of C .( Meso- 
cyprinus), C.(C.) carpio rubrofuseus and C.(C.) megaloph- 
thalmus, the anterior edge of ethmoid arrives only at the anterior 
end of vomer ( # 3 - 1) except unknown in C. ( Mf.) 
longzhouensis . 

4, Antenor part of frontal and ethmoid In C.(C.) mega- 
lophthalmus, anterior part of frontal and ethmoid is fairly 
straightened ( #4- 1). In the remaining species of the ingroup 
and P .merus, this part of frontal and ethmoid sharply bends 
down together with ethmoid ( #4-0, Zhou & Chu, 1986). 

5. Position of frontal lateral process In P.merus, frontal 
lateral process is situated at the most posterior part of frontal ( # 
5-0). In C.(M.) fuctanensis, C.(M.) yilongensis, C. 
(M.) micristius, C. | M.) multiteeniata and C. ( M.) 
longzhouensis. this process is located at the posterior 1/3 of 
frontal (#5-—1). In C.( C.) carpio rubrofuscus and C.(C.) 
megafophthaimus , it is located at the middle of frontal ( #5 - 
2, Zhou & Chu, 1986). 
6. Supracccipital ndge In P. merus, C.\ M . )fuxianensis 
and C. ( M.) macristius, supraoccipital ndge thin and com- 
preased without a hole on the back ( #6- 0, Fig.2:1a). In the 
remaining species of ingroup, a longitudinal tunnel along the 
middle of the ridge with a hole on the anterior back of supracc- 
cipital ( #6- 1, Fig-2:1b, Zhou & Chu, 1986). 

7. Maxilla ln P.merus, the posterior process of maxilla is 
much shorter compared with that of other species | #7-0). In 
all species of ingroup, the process ia well developed ( #7- 1). 
8. Lacnmal In C.(C. }carpio rubrofuscus , lacrmal in a rect- 
angle-like shape; its length being almost twice of its width ( #8 
-1, Fig.2:2b). In P.merus and the remaining species of in- 
group, lacrimal in a triangle-like shape. its length being 1.0- 
1.5 of its width ( #8-6, Fig.2:2a). 


9. Second suborbital In P.merus, the second suborbital tri- 
angle-lke (#9-0, Fig.2:2a). In all species of ingroup, the 
second suborbital almost rectangle-like | #9- 1, Fig.2:2b). 
10. Third and fourth suborbitals In P.merus, C.(M.)y- 
longensis and C.i M . ) mudtitaeniata , the third and fourth subor- 
bitals slender and similar in width ( #10-0, Fig.2:2a). In the 
remaining species of ingroup, the fourth suborbital developed, 
its width is about twice of the third suborbital ( # 10-1, Fig.2: 
2b) except unknown in C, (M . ) longzhouensis . 

11. Fifth suborbital In P. merus, C.(M.) yilongensis and 
C.i M.) multitaensate , the fifth suborbital is slender and rect- 
angle-like | # 11 - Q, Fig.2:2a). In the remaining species of 
ingroup. it is developed and almost square-like i # 11 - 1, 
Fig.2:2b). The state of this character in C.( M. ) Longzhouens:s 
ig unknown. Character 10 and 11 are coded identically in the 
data matrix. It suggests that character of the fifth suborbital is 
correlated with that of the third and fourth, 
12. Foramen posterior to orbitosphenoid C. (MW. ) mi- 
cristius has no foramen posterior to orbitosphenoid ( # 12-1), 
P. merus and the remaining species of ingroup have a foramen 
posterior to orbitosphenoid ( # 12-0). 

13. Opercular In two species of subgenus C.{ Cyprinus ), su- 
per-posterior process of opercular weak and protruding horizon- 
tally (#13 -1, Fig.2:3b). In P.merus and the remaining 
species of ingroup, super-posterior process of opercular usually 
developed or not but protruding upwards ( # 13-0, Fig.2:3a) 
except unknown in C.(M. }longzhouensis . 
14. Morphology of pharyngeal teeth In Procypris and 
Cyprinus , the first pharyngeal tooth in the major row is different 
from other teeth in shape, and it usually ia conic. In P . merus , 
the pharyngeal teeth excluding the first tooth in the major row are 
cochlearia ( #14 - 0), those are molar-like ( # 14-1) in all 
species of ingroup. 

15. Pharyngeal teeth pattern In ?. merus, pharyngeal teeth 
three rows in 2.3,4/4.3.2 pattem ( # 15-0). In all species of 
ingroup, pharyngeal teeth three rows in 1,1.3/3.1.1 pattern 
(#15-1). This character is coded identically to character 14 
in the data matrix, suggests it apparently correlated with charac- 
ter 14. 

In C.(M,) 
longzhouensts . the superior process of pharyngeal fairly slender 


16. Shape of superior process of pharyngeal 


(#16-1). In P.merus and the remaining species of ingroup, 
the superior process of pharyngeal robust ( # 16-0). 

17. Number of grooves on second pharyngeal tooth of the 
major row (NGM2} NGM2 is 2 in C.(C. carpio rubrofus- 
cus, 3in C.(C.)megatophthalmus . and 1 in P. merus and all 
the species of Cyprinus ( Mesocyprinus ). We assigned character 
state 2 — 3 as synapomorphy ( # 17-1) and 1 as plesiomorphy 
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(#17-0)., 

18. Number of grooves on third pharyngeal tooth of the 
major row (NGM3) In C.(C.)}megolophthalmus . NGM3 is 
2 (#18-1). In P. merus and the remaining species of in- 
group. NGM3 is 1 ( #18-0). 

19. Basioccipital The ratio between length from the posterior 
margin of callous pad to the end of hasioccipital and depth of the 
posterior process of basioccipital shows some discontinuous a- 
mong all taxa and can be divided inte three groups. In all the 
species of Cyprinus (Mesocyprinus ) , the posterior process of ba- 
sioccipital developed and broad, its length being 1.0 - 1.6 
times of its depth ( #19~1). In P . merus and the two species 
of aubgenus Cyprinus ( Cyprinus), length of the process being 
1.8-2.3 times of its depth ( #19-0). 

20. Anterior edge of neural complex In C.(M.) micriius . 
C.( M.) fuxianensis and C.(C.) megalophthalmus , anterior 
edge of neural complex is far from supraoccipital ( #20- 1). In 
P . merus and the remaining species of ingroup, anterior edge of 
neural complex is close to supraoccipital ( # 20-0). 

21. Fissure in neural complex C.(M.) multitaeniata and 
C.(C. )megalophthalmus with a prominent fissure in the upper 
middle of neural complex (#21 -1, Fig.2:4b). P.merus and 
the remaining species of ingroup without a fissure ( # 2) - 0, 
Fig.2:4a). 

22. Size of the fourth neural spine In C.(M.) fuxianensis . 
C.UM.)yilongensis. C.(M.)micristius and aome apecimens of 
C.(M,) multiteeniata . fourth neural apine developed and 
reaching about 2/3 the length of neural complex ( # 22 - 1, 
Fig.2:4a}. In P. merus and the remaining species of ingroup, 
fourth neural spine weak, being shorter than 1/2 of the length of 
neural complex ( # 22-0, Fig.2:4b). 

23. Parapophysis of the first vertebra (PV1)} 
Cyprinus | Cyprinus}. P¥1 is short in length, not reaching the 
outer edge of tripus (# 23-1). In P. merus and subgenus 


In subgenus 


Cyprinus | Mesocyprinus ), PV1 fairly long. surpassing the outer 
edge of tripus ( # 23-0). The state of this character in C. 
(M. }longzhouensis is unknown. This character was first discov- 
ered by Zhou & Chu (1986) and among the three main diag- 
noses in identifying Mesocyprinus. Like number of grooves on 
pharyngeal teeth, the state with longer parapophysis is shared by 
Mesocyprinus and Procypris, and it does net support the mono- 
phyly of Mesocyprinus too. 
24. Number of supraneural C.(M. )fuxtenensis and C. 
(M.)micristius have 7 supraneurals ( # 24-1). P. merus and 
the remaining species of ingroup have 4 ~ 6 aupraneurals ( # 24 
-0). 

25, Last supraneural In P.merus, C.(M.) micristius, C. 
(M .) fuxianenis and C.(M.) yilongensis, last supraneural is 


absent ( # 25-0). In the remaining species of ingroup, last 
supraneural is present { #25- 1}. 

26. Total number of vertebrae P. merus has 40-41 verte- 
brae ( #26- 0}. All ingroup species have 36 - 38 vertebrae 
(#26-1). 

27. Position of the first pterygiophore of dorsal ray In 
P.merus, C.(M.) yilongensis and C.( M.) micristius. the 
first plerygiophore of dorsal ray ia inserted between [1th to 13th 
vertebra ( #27 ~ 0). In the remaining species of ingroup, the 
first pterygiophore of dorsal ray ia inserted between 8th to 11th 
vertebra ( #27-1). 

28. Position of the first caudal vertebra In P.merus, C. 
(M .)micristius and C.(M .) fuxianenisis , the first caudal ver- 
tebra ia the 20th or 21st vertebra ( # 28-0). In C.(C.) mega- 
lophthalmus , the first caudal vertebra is the 16th or 17th verte- 
bra ( #28 - 2). In the remaining species of ingroup, the first 
caudal vertebra is the 18th or 19th vertebra ( # 28-1). 

29, Number of preanal caudal vertebrae The caudal verte- 
brae anterior to the insertion of the first anal fin pterygiophore 
are defined here as preanal caudal vertebrae (PCY. Fig.3). C. 
(M.) multitaeniata, C.(C.) carpio rubrofuseus and C.(C,) 
megalophthalmus have 2-3 PCY ( #29-1). P.merus, C. 
(M. ) micristius. C, (M.) fuxianensis, C.(M. ) yilongenisis 
and C.(M.)longzhouensis have only 1 PCY ( #29-0). 

30. Last unbranched dorsal ray In P.merus. the upper 1/2 
of the last unbranched dorsal ray is weakly serrated along poste- 
rior edge ( # 30-0). In all species of ingroup, the upper 2/3 of 
the last unbranched ray is strongly serrated along posterior edge 
( #30-1) except unknown in C.(M. ) yilongensis . 

31. Length of last unbranched dorsal ray In P. merus, last 
unbranched dorsal ray is obviously longer than head length ( # 
31~0). In all species of ingroup, last unbranched dorsal ray ia 
abviously shorter than head length { #31- 1). 

32. Process on the first pterygiophore of dorsal fin An 
obvious process is present at lower part of first pterygiophore of 
dorsal fin in C. <M, ) micristius. and some specimens of C. 
(M.) fuxianensis and P.merus (# 32-1. Fig.2:5a). This 
process is absent in the remaining apecies of ingroup L #32-0, 
Fig.2:5b). 

33, Shape of half pterygiophores from the last branched 
dorsal ray of dorsal fin In two species of Cyprinus ( Cypri- 
nus}, half pterygiophores from the last branched dorsal ray slen- 
der with its anterior ndge not symmetrical to the posterior ridge 
(#33-1, Fig.2:6a). In P.merus and Cyprinus ( Mesocypri- 
nus}, the half pterygiophares of dorsal fin slight broader with its 
anterior ridge symmetrical to the posterior ridge < # 33 ~ 0, 
Fig.2:6b). 

34. Development of the pterygiophore (LP2) and middle 
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pterygiphore (MP) of the dorsal ray just before the last 
branched dorsal ray In P.merus, LP2 degenerated and MP 
absent ( # 34-0. Fig.2:7a). In all species of ingroup. LP2 
developed and MP present ( # 34-1, Fig.2:7b.7c) except un- 
known in C.(M.)yilongensis . 

35, Number of branched dorsal ray This character was first 
used to diagnose Mesocyprinus by Fang (1936). C.(.M . ) fuxia- 
nensis and C .( M . ) micristius possess 9 - 11 branched dorsal fin 
raya (#35-1). P.merus and the remaining species of ingroup 
possess 12 — 22 branched dorsal fin rays ( #35 - 0). 

36. Length of dorsal fin base In P.merus, C.({ M.) m- 
cristius and C .( M .)fuxianensis , dorsal fin base short, anal fin 
origins at the end of dorsal fin base in the vertical ( # 36 - 0). 
tn the remaining species of ingroup, dorsal fin base long. anal 
fin ongins anterior to the end of dorsal fin base in the vertical 
(#36-1). 

37. Length of pectoral fin In P.merus, C.(M .)yilongen- 
sis. C.( M.) multitaeniata , C.(M.) longzhouensis and some 
specimens of C. ( C. ) carpio rubrofuscus , pectoral fin is longer; 
the end of pectoral fin reaches or surpasses pelvic fin base { #37 
- 0). In the remaining species of mgroup, the end does not 
reach pelvic fin base ( # 37-1). 

38. Postenor edge of clerthrum In C.(C.) megalephthal- 
mus. the posterior edge of cleithrum is curved ( # 38 - 1, 
Fig.2;8b). In P.merus and the remaining species of ingroup, 
the posterior edge of cleithrum almost in a right angle ( # 38 - 
0, Fig.2:8a) except unknown in C.( M . ) longzhouensis . 

39. Shape of antenor tip of cleithrum In P. merus , the an- 
terior tip of cleithrum blunt ( # 39-0). tn all ingroup fishes, 
the anterior tip of cleithrum sharp ( # 39-1, Zhou, 1989a,b). 
40. Hole on coracoid and cleithrum C. (M. ) fuxianensis 
and ©, (iM .) micristius lack a hole on the junction of coracoid 
and cleithrum ( #40- I, Fig.2:8a). P. merus and the remain- 
ing species of ingroup have an obvious hole on the junction of 
coracoid and cleithrum ( # 40-0. Fig.2:8b). 

41. Length of pelvic fin tn P. merus. C.(M.)yilongensis , 
C.( M.) longzhouensis, and some specimens of C. (© .) mi- 
eristius and C.{ M.) mudtitaeniata , pelvic fin is longer. the end 
of pelvic fin surpasses anus ( # 41 - 0). In the remaining 
species of ingroup, the end does not reach anus ( #41-1). 
42, Innominatum In two species of Cyprinus ( Cyprinus ) . the 
mner process of innominalum obviously shorter than the outer 
one ( #42- 1. Fig.2:9b). In P.merus and all the species of 
Cyprinus ( Mesoyprinus ), the inner one is almost the same as 
the outer one in length ( #42- 0, Fig.2:9a) except unknown in 
C.CM.) longzhouensis . 

43. Serration on the last unbranched anal ray In 


P . merus . the last unbranched anal ray with a weakly serrated 
posterior edge ( # 43 - 0). In all species of ingroup, the last 
unbranched anal ray with a strongly serrated posterior edge ( # 
43-1). 
44. Caudal peduncle In C.( M.) mudtitaeniatae and C. 
(M. ) longzhouensis , caudal peduncle Iength is shorter than its 
depth (#44-1). In P. merus and the remaining species of in- 
group, caudal peduncle length is longer than its depth ( # 44 - 
0, Luo & Yue, 2000). 
45. Caudal fin ray length In C. ( M.) fuxianensis, the 
longest caudal fin ray is more than 3 times of the shortest one 
(#45-1). In P.merus and all the remaining species of in- 
group. the Iongest is less than 3 times of the shortest one ( # 45 
-0) except unknown in C.( M.) yilongensis and C.(M.) 
longzhouensts . 
46. Aw bladder Air bladder is among the three main diagnoses 
to identify Mesocyprinus (Chen & Hwang, 1977; Zhou & Chu, 
1986). The posterior chamber of air bladder is usually longer 
than the anterior chamber in Cyprinus ( Mesocyprinus) ( # 46- 
0) and the state of this character is just on the opposite in Cypri- 
nus ( Cyprinus) ( #46 - 1). In our observation, the former 
character state 0 also occurs in P . merus . Apparently, this state 
is a plesiomorphy and it does not support the monophyly of 
Mesocyprinus . 
47. Scale radi In P. merus, C.(M.) micristius, C.(M.) 
fuxianensis and C.( C . } megalophthalsus , scale radii nol reach 
the focus ( # 47 - 0). In the remaining species of ingroup. scale 
radii reach the focus { #47 - 1) except unknown in C.( M.) 
longzhouensts . 
48. Longitudinal stripes an sides of body In P. merus. C. 
(M.) multitaentata and C.( M.) longzhouensis, sidea of body 
with several longitudinal stripes ( #48 - 0). In the remaining 
species of ingroup, sides of body without such stripes ( # 48 - 
I}. This character is from Chen & Hwang (1977). 
2.2 Phylogenetic analysis 

There are totally 48 characters in the data matrix 
(Table 1). When the data matrix was run ordered, 
there are 11 unpolarized characters (3. 7, 9, 14, 15, 
26, 30, 31, 34, 39, 43) and nine autapomorphies 
(2, 4, 8, 12, 16, 18, 32. 38, 45) of terminal taxa, 
then 28 informative characters remaining. When the 
data matrix is run using Parsimony method with 
Branch-and-Bound search, the 28 characters give one 
maximum parsimonious tree with a length of 69 steps, 
Consistency Index (C1) of 0.7246. Cl excluding unin- 


formative characters of 0.6122, and Retention Index 
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Fig.2 Character illustrations in Cyprinus fishes 

1. Dorsal view of supraoccipital ridge, a. C.(M.) micnstius, b. C. (C. carpio rabrofuscus , SR: supraoccipital ridge. 
2. Left lateral view of circumorbitals, a. P .merws, b. C.{ C .)carpio rubrofuscus. 3. Left lateral view of lefi opercular, 
a. C.(M.) fuxianensis, b. C. <C.) megalophthalmus. 4, Left lateral view of neural complex and the fourth neural 
spine, a. C.M. )miristtus, b. C, (C. )megalopktkalmus, NC: neural complex, NS4: the 4th neural apine. 5. Left 
lateral view of pterygiophore of last dorsal spine, a. C.(M_) micristius, b. P.merus, 6.a. C.(C.) megalophthalmus , 
lefi lateral view of pterygophore of 14th branched dorsal ray; h. P, merus, left lateral view of pterygiophore af 13th 
branched dorsal ray, 7. Left lateral view of pterygiophore of last two branched dorsal ray. a. P. merus, b. C.(M.) mi- 
cristius, c. C.(C.) megalophthalmus , BD: base of dorsal ray, MP: middle pterygiophore, LP; last pterygiophore, LPZ: 
the plerygiophore just before the last branched dorsal ray. 8. Left lateral view of left pectoral girdle, a. C.(M.) mi- 
cristius, bh, C.(C.)} megelophthalmus, CL: cleithrum, SC: scapula, CO: coracoid, PO; postcleithum. 9. Ventral 
view of right innominatum, a. C.( Mf.) mieristius, b. C.(C.) megatophthalmas 
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Fig.3 Left lateral view of vertebra of Cyprinus (Cyprinus) carpio rubrofuscus 
CV1; the first caudal vertebrae; NC: neural complex; NS4: the 4th neural spine; PCA: preanal caudal vertebrae; PT; pterygiophore; 
PY: predorsal vertebrae; SN: supraneural . 


Table 1 Character state distribution in Mesocyprinus fishes 





12 3 4 5 6 7 8 9 10 1f [2 13 14 15 16 17 18 19 20 21 22 23 24 
Procypris merus o 6 0 0 0000 0 0 00 00 00 0060 0060 0600 0 0 
C. (M. ) micristius o Oo L O LO 1 0 1 21 1 1 0 L ¢ 0 80 O 1 1 0 1 0 1 
C.(M.) yilongensis o 0 LO L 1 1 0 1 0 60 60 0 84 t¢ 0 0 GO 10600 1 0 9 
C.(M.) fuxianensis oof O LO 1 0601 1 1 6 0 4 € O 80 O 1 1 0 1 0 1I 
C. CM.) multitaeniata 160 L O L 1 1 0 1 0 6 6 0 '1 1 0 6 0 1 0 1 01 0 Q 
C. (M .) longzhouensis L O ? O 1 1 1 60 1 7 ? O ? £ 1 1 0 0 1000? Q 
C.CC. carpio rubrofuscus L 0 1 0 2 1 1 1 1 1 LO L t 1 0 1 0 0 060 0600 1 «4 
C.(C.)megalophthaimas Ol 1 1 1 2 1 1 0 1 1 1 O tf 1 1 O 1 1 O tT 1 O 1 0 

25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 
Procypris merus o ao 060 00 00 00 00 00 460 00 00 0 0 0 09 
C. {M .) micristius o 1 0 0 0 L Lı 0 21 10 1 0 L1 1MO LOO 0 Q 1 
C. {M .) yilongensis o 1 0 LO? LOO ? O 1 0 0 £ 0 0 0 1 0 7 0 1 21 
C. (M . ) fusianensis ot LOO 1 1 0 0 1 1 0 LO L t t O 1 0 1 0 0 1 
C.UM.) multitaeniata 1 L L L t 1 100 1 6 21 6 6 LOOO 1 1 00 19 
C. OM.) longzhouensis I L2 LO 21 1 0 0 1 61 6 7 4 80 BO fF 1 1 * 0? D 
C.(C. carpio rubrofscus 1 1 L 1 1 1 1 O 1 1 O 1 0 0O LO 1 1 1 aa 
C.(C.)megatophthaimas 1 1 1 2 1 1 1 O 1 1 O 1 1 1 1 O 1 1 1: 0 O 1 O 1 


(RI) of 0.6346 (Fig.4A). When the data matrix is 
run using Bootstrap method with Branch-and-Bound 
search, a bootstrap 50% majority-rule consensus tree 
totally identical to Fig.4A obtained (Fig.4B). When 
the data matrix is run unordered, there are the same 11 
unpolarized characters and nine autapomorphies of ter- 
minal taxa, then the same 28 characters remaining use- 
ful. The 28 characters give one maximum parsimonious 
tree same as Fig.4A with the same tree length, CI, CI 
excluding uninformative characters and RI. 


3 Discussion 


If the topology of the tree is accurate, the assem- 
blage of seven Cyprinus species forms a monophyletic 
group supported by 11 synapomorphies (3, 7, 9, 14, 
15, 26, 30, 31, 34, 39, 43) and three homoplasies 
(5, 19, 48). 

The monophyly of subgenus Cyprinus ( Cyprinus ) 
represented by the two species is supported by seven 
synapomorphies (5-2, 13-1, 17-1, 23-1, 33- 
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1, 42-1, 46-1) and five homoplasies (10, 11, 19, 
37, 41). Given that there are still nine species of sub- 
genus Cyprinus ( Cyprinus } not included in this re- 
search, the stability of these synapomorphies is still 
waiting for further confirmation in the following re- 


search. 


P. merus 

C. (ML) fianensis 

C. C4.) micristins 

C. (M.) yitongensis 

C. (M) multitaeniaia 

C. [M.) longthouensis 

C (C) carpio rubrofuscus 
A C. (C} megalophthalmus 


P. merus 

C- (AL) fitanensis 

C. (M) micristius 

C (M) yilengeasis 

C. (M.) multitaeniata 
C. (M.) langzhouensis 


C. (T. carpio rabrofusces 
C. (CG) megatophthaimus 





Fig.4 Cladogram of Mesocyprinus fishes 

A: One most parsimonious wee. Phylogenetic analysis was accom- 
plished using Parsimony method with Branch-and-Bound algorithm of 
PAUP”; B: Bootstrap 50% majority-rule consensus wee. Phyloge- 
nene analysis was accomplished using Bootstrap method with Branch- 
and-Bound search . 

28 characters give cne maximum parsimonious tree with a length of 65 
steps, Consistency Index (CI) of 0.7246, CI excluding uninforma- 
tive characters of 0.6122, and Retention Index (RI) of 0.6346. 
Trees were unrooted. Cladograms were redrew using Treeview. Num- 
ber of bootstrap replicates = 1 000, Starting seed = 1431190711; 
all characters are of type ordered. The numbers on the branches indi- 
cate the value of 50% majority rule consensus in which the note was 
supported . 


C.(M .) fuxianensis was treated as a subspecies of 
C.(M.)micristius when it was first described (Chen & 
Hwang, 1977). Wang (1979) put them into two dis- 
tinct species without explanations. Zhou & Chu (1986) 
conducted an osteological study and considered there 


were no obvious differences between C .( M .) micristius 


ooog eels 
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and C,(M .)fuxianensis; the only difference was in or- 
bital area of frontal. Therefore. they also treated them 
as two subspecies. Yang & Chen (1994) studied the 
geographical differentiation of C. ( M.) micristius in 
both morphology and ecology, and their results suggest 
the two subspecies are differentiated in morphology. liv- 
ing space, feeding habit, age and growth, and breeding 
biology. 

It is apparent that the Mesocyprinus group consist- 
ed of five species is not a monophyletic group 
(Fig.4A). The type species C.(M.) micristius of the 
subgenus Cyprinus ( Mesocyprinus ) and its sister 
species C .( M .)fuxianensis form a monophyletic group 
supported by three synapomorphies (24-1, 35-1, 40 
-1) and seven homoplasies (10, 11, 20, 22, 32, 
37, 41). Among all the diagnoses used to define Meso- 
cyprinus (Fang, 1936; Chen & Hwang, 1977; Zhou & 
Chu, 1986), only the character state 35 - 1 (fewer 
branched dorsal fin rays) is unique to this clade. To- 
gether with other two synapomorphies (24-1, 40-1), 
this clade can be diagnosed by the following characters ; 
with 7 supraneurals vs. 4-6 in other Cyprinus fishes 
and Procypris; @with fewer (9 - 11) branched dorsal 
fin rays vs. 12 — 22 in other Cyprinus fishes and Pro- 
cypris; without an obvious hole on the seam of cora- 
coid and cleithrum vs. with an obvious hole in other 
Cyprinus fishes and Procypris. The monophyly of its 
sister group, remaining species of Cyprinus ( Mesocypri- 
nus) + C.(C. carpio rubrofuscus + C.(C.)mega- 
lophthalmus , is supported by three synapomorphies (6 
-1, 28~1, 36-1) and one homoplasy (47). The 
differentiation of C.( M . ) micristius and C.(M.) fuxi- 
anensis is apparent: C.(M.) micristius is supported by 
one autapomorphy (12-1); C.(M.) fustanensis is 
supported by one autapomorphy (45 - 1) and one ho- 
moplasy (27 - 1). Considering the obvious differences 
in osteology and external features and occurring in dis- 
tinct lakes, C.(M.) fuxianensis and C.(M.) mi- 
cristius being taken as distinct species should be a prop- 
er taxonomic assignment. Geological evidences (Gao et 
al.. 1990) show that Dianchi Lake was formerly sub- 
ject to Nanpanjiang (upper Pearl River) and captured 
by Jinshajiang in Holocene. Therefore, C.( M.) mi- 
cristius and C .( M . )fuxianensis both occurred in lakes 
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subject to Nanpanjiang before Holocene. This suggests 
the common ancestor of these two species probably oc- 
curs in Nanpanjiang and/or lakes subject to it. 

The clade of C.(M.) multitoeniata and C.(M.) 
longzhouensis is supported by one synapomorphy (44) 
and one homoplasy (48). The differentiation of them is 
supported by several homoplasies (16, 21, 29) and 
some morphometric characters (number of lateral line 
scales, number of branched dorsal fin rays, telative pu- 
sition of anal fin origin to certain branched dorsal ray} . 
C.i M.) multitaeniaia occur in Xijiang (upper Pearl 
River), while C .( af.) longzhouensis in upper Xijiang. 
These suggest thal their common ancestor probably oc- 
curs in Xijiang and gradually differentiates into lwo 
species. C. (M. ) maltitaeniata covers a much larger 
distribution range than C. (M. >) longzhouensis. C. 
(M.) longzhouensis only covers a very limited range 
with very small population size. All these suggest C. 
(M .) longzhouensis is more like a relict of their com- 
mon ancestor. 

The five species of subgenus Cyprinus ( Mesocypri- 
nus) [C.(M.) fuxianensis + C.(M.) micristius + 
C.(M.)ytlongensis + C.(M. )multitaeniota + C. 
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(M . ) longzhouensis | form a polyphyletic group. The 
five species are just more primitive than other Cyprinus 
fishes. According to the principle of cladistics, to con- 
struct a natural taxonomic system, a genus or subgenus 
should be a monophyletic group. Therefore, this result 
suggesis that subgenus Cyprinus ( Mesocyprinus ) should 
be suspended and supports the idea of Wang (1979). 
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